| INTRODUC TI ON
The HIV pandemic affects women disproportionately, particularly girls and young women.
1 Even though young people aged 15-24 years represent only 25% of the sexually active population, data from Centers for Disease Control and Prevention (CDC) shows that this population acquires nearly half of all new sexually transmitted infections (STI). Further, young girls are significantly more affected than young boys. 2 Research in this area has mostly focused on behavioral risk factors, whereas immunobiological risk factors in this population are poorly characterized.
One of the critical areas of knowledge gap is how early sexual debut relates to immunological risks of acquiring STI including HIV.
Whereas young age of debut is a consensual phenomenon in some cultures, in many others, this event is one of coercion that can be mediated through widely practiced customs of child marriage. 3, 4 Worldwide, prevalence of forced sexual initiation ranges from approximately 5% to 46%, with rates in the USA at about 12.5%.
Forced sexual initiation has been linked to sexual risk-taking behavior as well as risk of HIV and other STI. 5 Additionally, age of sexual debut has been linked to risk of HIV infection 6 and to the risk of contracting other STI including Chlamydia, Gonorrhea, and Trichomonas later in life. Biologically, the adolescent cervix is immature, characterized by ectopy. Ectopy is a condition where the ectocervix is composed of a fragile single layer of columnar epithelial cells as opposed to adult ectocervix which consists of multiple layers of squamous epithelial layers that are less fragile and therefore more protective against pathogen entry. 8 Ectopy is influenced by a number of factors, including age, hormonal levels, pregnancy, and oral contraceptive usage. 8 It has also been associated with time since sexual debut, 8 number of sexual partners, 9 and local inflammation. 10, 11 The role of ectopy in infection, however, is debated, with some studies supporting a role in enhancing reproductive tract infections, [12] [13] [14] while
others showing no such link. 15 One reason for the differences in study findings could be attributed to the variability in quantification of ectopy. Interestingly, studies suggest sexual activity can alter immune microenvironment of the female reproductive tract (FRT).
It is known that seminal fluid contains a number of cytokines and chemokines and triggers an immune response in the FRT.
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However, studies disagree on whether seminal fluid has an enhancing or an inhibitory effect on HIV. [18] [19] [20] Fichorova et al 21 have
demonstrated increased IL-8 and IL-RA in genital secretions of adult sexually active women compared to adult sexually abstinent women. Recent unprotected sex in adult women has also been associated with increased vaginal pH and TGF-β levels (present in high amounts in seminal fluid) and decrease in protective factors such as defensins. 22 In adolescent girls, sexual activity has been positively associated with inflammatory immune factors such as IL-6, whereas other immune factors showed negative associations, possibly due to the effect of seminal fluid. 23 A recent study has associated sexual debut with genital inflammatory biomarkers in adolescent girls. 24 However, in this case, the inflammatory biomarkers were strongly correlated with high Nugent scores indicating the presence of bacterial vaginosis.
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Immunobiological research is infrequent in adolescent girls as this population is considered vulnerable and therefore difficult to access and recruit. 
| MATERIAL S AND ME THODS

| Subject recruitment and study participants
| CVL collection and processing
CVL was collected by gently rinsing the cervical-vaginal area with 10 mL of normal saline (BD Biosciences, Franklin Lake, NJ) and transported to the laboratory on ice within 2 hours of collection. CVL was spun at 1500 g for 10 minutes, supernatant removed, and re-spun at 2200 g for 10 minutes. Supernatants were aliquoted and stored frozen at −80°C.
| Measurement of cytokines, chemokines, and antimicrobials in CVL
CVL supernatants were assayed for IL-6, IL-8, TNF-α, MIP-3α, IL-1α, IL-1β, MMP 1, 2, 7, 8, 9, Elafin, SLPI, and TIMP 1 and 2 using ELISA kits from R&D Systems (Minneapolis, MN) per manufacturer's protocols. HBD2 was assayed using ELISA kit from PeproTech (Rocky Hill, NJ). Quantification was based on standard curves obtained using a Microplate Reader (Biotek, Winooski, VT). Samples with values below the lowest limit of detection were assigned a value of half of the lowest reading for a particular assay.
| Quantitation of total protein concentration in CVL
Total protein concentration in CVL samples was determined using the Pierce BCA protein assay kit (Thermo-Fisher Scientific), following manufacturer's instructions.
| HIV viral stocks
HIV strains IIIB (CXCR4 tropic) and BaL (CCR5 tropic) were kindly provided by Dr. P. Gupta (University of Pittsburgh, PA). Virus stocks were propagated in PHA-stimulated human PBMC and stored frozen at −80°C. Virus titers were determined on TZM-bl cells.
| Measurement of anti-HIV activity in CVL
Anti-HIV activity in CVL was determined using TZM-bl indicator cell line (AIDS Reagent Repository, NIH) essentially as previously described. 30 Briefly, cells were seeded at 2 × 10 4 cells per well in a 96-well plate and allowed to adhere overnight at 37°C. CVL was 
| Cervical imaging and quantification of ectopy
Photographs of the cervix were used to quantify ectopy. Images were captured after applying 3% acetic acid to the cervix using a Nikon Coolpix L830 prior to IUD insertion. The camera was positioned at a distance of 15-20 cm from the cervix, and each image was taken in a way that the cervix occupied 75% of the viewing area. Cervical ectopy was quantified using computerized planimetry on the digital images. The area of ectopy and the total cervical area were marked by the clinical staff and quantified in pixels using Volocity software (Perkin-Elmer, Waltham, MA). The percent ectopy (ratio of area of ectopy to the total cervical area) was calculated using Microsoft Excel. Total cervical area and the percent ectopy were compared between the sexually active and inactive groups.
| Statistical analyses
Statistical analyses were performed using R-studio (version 1.0.136).
Biomarkers, percent ectopy, and HIV inhibition against strains IIIB and BaL were compared using box-and-whiskers plots, and P-values were calculated using Mann-Whitney Wilcoxon test. Associations between variables were calculated using Spearman's correlation coefficient and depicted as heat-maps.
| RE SULTS
| Characteristics of study samples
Sexually active and inactive girls were compared by age, race, age of menarche, cycle phase, and cycle regularity as shown in Table 1 . The groups differed significantly only in terms of age with the median for sexually inactive girls at 14 while median for sexually active girls was 16.5 (P = .003) ( Table 1) .
As research involving vulnerable population such as young girls is inherently challenging, we gathered feasibility data as part of our study. Of the 21 girls approached over a period of approximately 2 years, 19 consented, of which 17 were eligible for the study. The two that did not consent were apprehensive about the procedure.
One patient was not eligible due to active Chlamydia infection, and the other was menstruating on the date of the procedure.
| Ectopy
As cervical ectopy has been linked to inflammation and HIV acquisition, we measured area and percent ectopy in the cervix of sexually active and inactive girls. Median percent ectopy in sexually inactive girls (14.44) was not significantly different from that in sexually active girls (12.01) ( Table 2 ).
| Cervico-vaginal immune mediators
To determine whether levels of immune mediators were altered in genital tract secretions of sexually active vs sexually inactive girls, we analyzed CVL samples for inflammation-associated biomarkers IL-6, IL-8, TNF-α, MIP-3α, IL-1α, IL-1β, MMP 1, 2, 7, 8, and 9 as well as HIV inhibitory/protective biomarkers, Elafin, SLPI, human betadefensin 2 (HBD2), and TIMP 1 and 2.
We found significantly higher levels of TNF-α (median 21.42 vs 14.9 pg/mL, P = .029) in CVL from sexually inactive girls compared to sexually active girls ( Figure 1 , Table 2 ). In contrast, IL-1α levels were almost significant (P = .051) with higher values in CVL from sexually active girls compared to sexually inactive girls (median 16.79 vs 67.34 pg/mL) ( Table 2 ). All other biomarkers showed detectable values (except MMP1, which was mostly undetectable) for both groups, but no statistically significant differences were observed between groups ( Table 2) .
As total protein content in CVL samples can be variable, 31, 32 we normalized levels of each biomarker in each sample to its corresponding total protein content. We did not find differences in total protein concentration comparing sexually active vs sexually inactive groups (median 222.46 vs 298.48 μg/mL). TNF-α remained significantly different among groups following protein adjustment (Table 2 ). Significance level of other biomarkers did not change (Table 2) .
For the MMP and TIMP genes, we analyzed the data both by levels (pg/mL) and by molar ratio of MMPs to TIMPs, individually and in combination. This is a well-characterized method used to determine whether an immune environment is more activated or inflamed (MMPs will be higher than TIMPs) or whether inflammation is controlled by TIMPs (TIMPs will be higher than MMPs). 33, 34 For this data set, neither levels nor molar ratios were significantly different between the 2 groups ( Table 2 ).
| Anti-HIV activity
Intrinsic antimicrobial activity in CVL has been previously demonstrated in adult women and adolescent girls. 16, 27 To determine whether sexually active and sexually inactive girls differ in terms in sexually inactive vs 97.2% in sexually active) ( Table 2 ).
| Correlations among immune mediators (cytokine/chemokine/antimicrobial)
Distinct immune clusters have been described previously in the context of HIV infection and susceptibility. 35 Associations between immune mediators are important to consider as they can interact synergistically or antagonistically and be clinically predictive.
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Even though our sample size was small, we observed distinct clustering patterns in sexually active vs sexually inactive adolescents.
Specifically, significant positive associations between % ectopy and inflammation-associated biomarkers IL-6, IL-1β, IL-8, MIP-3α, MMP-8, and MMP-9 was observed in the sexually inactive but not sexually active group (Figure 2 ). In contrast, in the sexually active group, % ectopy was negatively correlated with IL-1β and Elafin. Other significant correlations observed between inflammatory biomarkers were similar in both groups (Figure 2 ).
| D ISCUSS I ON
Our study indicates that immune-biological research in adolescent girls is feasible. As this population is highly impacted by HIV epidemic, it is critical to involve them in HIV prevention and intervention research.
TA B L E 2 Levels of immune biomarkers in CVL from sexually active and sexually inactive girls
Variables (pg/mL) F I G U R E 1 Sexually inactive girls have significantly higher levels of pro-inflammatory mediator, TNF-α. CVL from sexually active (n = 10) and sexually inactive (n = 8) girls was tested for levels of TNF-α by standard ELISA assays. Data are presented as pg/mL. Bars depict medians We observed higher levels of pro-inflammatory biomarker TNF-α in sexually inactive girls. TNF-α has been associated with enhanced HIV infection, both directly and indirectly. 40 Therefore, a potential negative consequence of higher TNF-α can be increased susceptibility to HIV and STI at sexual debut. Interestingly, CVL TNF-α levels were significantly higher in both of our adolescent groups compared to our other studies in adult pre-menopausal and post-menopausal women (M. Ghosh, unpublished observations).
It is unclear whether the lower levels of TNF-α in sexually active adolescents are driven by increase in age or exposure to semenassociated antigens following sexual debut. We did not find other reports of age-associated changes in TNF-α levels in the FRT in adolescents vs adult women. However, increase in CVL levels of TNF-α in post-menopausal women compared to pre-menopausal women has been previously reported. 30 An intriguing possibility is that semen exposure following sexual debut results in the reduction in FRT inflammatory mediators, perhaps, from an evolutionary perspective to facilitate reproduction and perpetuation of species.
Studies conducted in highly exposed sero-negative women (HESN) who do not seroconvert even after repeated unprotected sexual encounters suggest that chronic exposure to semen-associated antigens can result in a tolerant, immune quiescent phenotype.
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In the reproductive health literature, chronic semen exposure has been described to elicit immune hypo-responsiveness, reduce conditions such as preeclampsia, and result in successful birth outcomes.
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Although other biomarkers were not significantly different between groups, we did observe a trend toward higher levels of majority of biomarkers we measured (IL1-α, IL1-β, IL-6, IL-8, HBD2, SLPI, Elafin, MMP8, MMP9, and TIMP1) in the sexually active group. In particular, the higher levels of IL-1α in sexually active girls reached a P-value very close to significant. This is in agreement with a report by Jespers et al 24 where significantly higher levels of inflammatory mediators including IL-1α were detected in vaginal swabs collected from girls who had recently experienced sexual debut.
Ectopy can be highly variable among women and impacted by sex hormones. 43 In adolescent girls, prevalence of ectopy increases following menarche. Ectopy gradually decreases with increasing squamous metaplasia stimulated by estrogen, decreased vaginal pH, and sexual activity. 8, 44 We observed a large amount of variability but no significant differences in ectopy among sexually active and inactive girls, possibly due to our limited sample size. Future studies with larger sample sizes might help us to delineate relationship between sexual activity and cervical ectopy.
Ectopy in adolescent girls has also been consistently associated with higher rates of STI and higher genital inflammation. 10, 16, 45 Results from our heat-maps analyses showed strong positive correlations between ectopy and multiple immune factors associated with inflammation, in samples from the sexually inactive girls.
These associations did not exist in the samples from the sexually active girls, indicating differential immune clustering and network in these 2 populations. As with higher levels of inflammation, a strong clustering of inflammation-associated immune mediators can potentially be predictive of increased susceptibility to HIV and other STI. 
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To our knowledge, anti-HIV activity has not been previously described in sexually active vs inactive adolescent girls. However, genital secretions in adolescent girls have been reported to have distinct functional inhibitory activity against E. coli and Herpes simplex virus, when compared to adult women, and may be attributed to reduced concentration of specific lactobacilli species. 16 Our future studies will incorporate T/F strains as well as vaginal microbiome analyses.
To our knowledge, this is the first study that compares genital immune biomarkers in sexually active vs sexually inactive girls.
Although designed as a pilot study, we show that it is indeed feasible to recruit this vulnerable population. We also find distinct patterns of biomarkers in these 2 groups. The major limitation is the small sample size. However, given that we find changes in biomarkers even with the small sample size indicates the importance of future research in this area. Some of the data, such as the heat-maps, must be interpreted with caution because of the small sample sizes and age difference between the 2 groups. Thus, data confirmation in larger cohorts is recommended. Our samples were also collected in the absence of STI, hormonal contraception, recent sexual activity, and recent use of vaginal products. Although these exclusions are standard in female genital biomarker studies, this does limit real-life implications of our findings. Future studies are needed to understand the impact of sexual activity in the adolescent genital tract immune microenvironment.
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